Monopole shift in the proton states in odd neutron rich F isotopes has been studied with neutron number changing from N = 10 to 20 for three different interactions. The variation of monopole shift point out towards appearance of shell closure at N = 14 and N = 16 and its disappearance at N = 20. Low lying states of odd F isotopes have also been calculated in the limited configuration space of sd shells for these interactions.
Introduction
Nuclear shell model was started by Mayer and Jensen in 1949 by identifying the magic numbers and their origin. 1,2,3 Since then the study of nuclear structure has been carried out on the basis of shell structure associated with the magic numbers. However for a long time the study has remained confined to stable nuclei which lie on or close to the line of β stability in the nuclear chart. Present day experimental research in nuclear structure has made extensive use of radioactive ion beams (RIB) in order to study nuclear properties farther away from the region of β stability. Detailed experimental data on the properties of very unstable nuclei with neutron/proton ratios radically different from those of stable nuclei has been obtained. Such exotic nuclei exhibit some novel phenomenon like halo structure and modification of shell closure. The shell structure of nuclei with large proton or neutron excess seems to be quite different from that in β stable nuclei. It has been demonstrated in earlier studies that neutrons in neutron rich nuclei experience a mean field with much more diffused boundary and resulting single particle energies tend to be more uniformly distributed. It is of interesting to study the changes in the mean field in going from stable to exotic nuclei and to trace its origin. Ideal candidates for such studies are nuclei near doubly magic system with an extra proton or neutron outside the closed core. One such example is neutron rich F isotope having one extra proton outside the 16 O core and a number of valence neutrons. Experimental data on neutron rich F isotopes with N = 9−20 has also been made available recently. 4, 5 In the present work we have studied the evolution of proton mean field for neutron rich F isotopes in going from N = 9 to N = 20 in the shell model frame work. The variation in the single particle energy of the odd proton as a function of changing number of valence neutrons is called the monopole energy shift.
The paper is organized as follows: In Section 2 theoretical formalism and different types of pn interactions used in the calculation are described. In Section 3 results and discussion are presented. Finally in Section 4 we give conclusions.
Theoretical formalism

Monopole shift
In F isotopes a valence proton in j π orbital interacts with a number of valence neutron particles filling a set of neutron orbitals j ν . The Hamiltonian can be written aŝ
where ǫ jπ and ǫ jν denotes the single particle energies of proton and neutron corresponding to states j π and j ν respectively, n jν is the number operator for neutrons occupying state j ν and V πν represents the residual proton-neutron interaction. The neutron-neutron interactions within the valence neutron space have been neglected. If V πν interaction is decomposed into different multipoles,Ĥ can be written aŝ
where the monopole HamiltonianĤ λ=0 is given bŷ
andǫ jπ is the monopole corrected single particle proton energy which is given bỹ
The operatorn jν in Eq. (4) is replaced by its expectation value n jν =n jν , the number of neutrons occupying orbital j ν . 6,7,8,9,10,11
The termĒ(j π j ν ) is angular momentum averaged interaction energȳ
The modified single particle energiesǫ jπ in Eq. (4) are also called the effective single particle energies (ESPE). 12 By construction of the monopole Hamiltonian these ESPE correspond to the spherical shell structure.
Thus the single particle energy of one proton in j π is modified when neutron particles are being added to the valence orbital j ν just outside the core.
Interaction
In the present work three different neutron-proton interactions have been considered: modified surface delta interaction (MSDI) and effective interactions obtained for sd shell 13,14 referred in the literature as USDA and USDB. MSDI 15 is a zero range interaction. In USD interaction two body matrix elements have been fitted so as to reproduce the spectrum of stable nuclei in the sd shell region. In the present work model space for all F isotopes consists of 0d 5/2 , 1s 1/2 and 0d 3/2 orbitals for both the protons and neutrons. The ESPE of proton for 0d 5/2 , 1s 1/2 and 0d 3/2 orbitals has been estimated from Eqs. (3) and (4) for the above three different interactions. 
Results and Discussion
The experimental energy levels of low lying positive parity isotopes of F are shown in Fig.1 . The ground state of odd F isotopes from N = 12−20 is 5/2 + and can be well described by the proton in the lowest configuration of 0d 5/2 and neutrons paired to J = 0 + . The first and the second excited states with J = 1/2 + and 3/2 + respectively also confirm to this configuration. The relative spacing of 1/2 + and 3/2 + from the ground state in 21 F and 23 F are indication of monopole shift in the proton energy levels.
The effective proton single-particle energiesǫ jπ for F isotopes have been calculated from Eq.(4) for four different types of interactions. The proton single-particle energies ǫ jπ are given in Table 1 ground state spin and correct ordering of the levels reproduced for all the isotopes which are shown in Fig. 6 . Similar results are obtained for USDB which are shown in Fig. 7 . One important feature of the USDA spectrum is that the first excited state lies high in energy at N=14 and N=16 a characteristic feature of closed shell nuclei. MSDI interaction, predict ground state spin 5/2 + for 19 F in contrast to the experimental value of 1/2 + .
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Conclusions
The monopole energy shift for the proton orbital in 19−29 F isotopes have been studied as a function of changing neutron number (N) for three different interactions. The variation of ESPEs point out towards appearance of shell closure at N = 14 and 16 and its disappearance at N = 20. In writing the monopole Hamiltonian the average matrix element for proton-neutron interaction have been weighted with the number of neutrons occupying that particular orbital. This is consistent with and Hartree Fock approach in which an orbital is either empty or filled with a given occupation probability. Therefore the monopole Hamiltonian is the natural tool to study the mean field through the varying single particle energies connected to mean field. It is also important to compare the ESPEs with experimental centroid ws-ijmpe 
